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(54) Methods for achieving improved bond strength between unvulcanized and vulcanized 
rubbers 



(57) An improved method for achieving enhanced 
bond strength between components of unvulcanized and 
at least partially vulcanized rubber the improvement 
comprising the steps of selecting first and second initially 
unvulcanized rubber components (10, 12) for the manu- 
facture of a vulcanized rubber article (21); applying an 
interphase layer (11) of rubber material, essentially 
devoid of crosslinking agents and containing from about 
0 1 to about 4 parts by weight of at least one accelerator, 
per 1 00 parts by weight of rubber, to the first component; 
prevulcanizing the interphase layer and the first compo- 
nent together until both are at least partially vulcanized, 
establishing a gradient crosslink density (43) primarily in 
the interphase layer and thereby providing a lower 
crosslink concentration at the surface of the interphase 
layer opposite the first component, applying the second 
rubber component to the surface of lower crosslink den- 



sity; and covulcanizing the components together, 
wherein the first and second unvulcanized rubber com- 
ponents and the interphase layer comprise rubber 
selected from the group consisting of natural and syn- 
thetic rubber and blends thereof. A similar improved 
method for achieving improved bond strength between 
components of unvulcanized and at least partially vul- 
canized rubbers the improvement comprising the steps 
of selecting two unvulcanized rubber components (10, 
12) for the manufacture of a vulcanized rubber article 
(25, 35); treating one of the components under condi- 
tions that will establish a gradient crosslink density with 
a lower crosslink concentration at the surface (43) ; apply- 
ing the other rubber component to the surface, and cov- 
ulcanizing the components together 
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Description 
TECHNICAL FIELD 

5 The present invention provides a method for improving or achieving good bond strength between layers or plies of 

vulcanized ruSe or partially vulcanized rubber and of unvulcanized rubber One application for the method™ £ 
manure of rubber articles having multiple ply layers, at least two of which are contiguous, one being vulcanized , e. . 

precured, while the other is unvulcanized. Wh . no <it*nm*ea«(.mhlv 
A number of manufacturing processes, including the fabrication of tires, require or would benefit from the assembly 
,o and covulcanization of precured and uncured rubber components. In the retreading of tires for example. ,n 

onm!^t?nce S orecured treads are applied to a buffed, used carcass with the aid of a thin, uncured rubber layer. The 
SoTprS 

allows precured and uncured rubber components to be interfaced. 
15 BACKGROUND ART 

Tires conveyor belts and reinforced high pressure hoses are typical of but a few of the articles wherein cured and 
uncured components can be contiguously combined. Generally, the manufacture of these articles involves « e as^mb ly 
of a plurality of layers of fully compounded rubber that have been re.nforced with carbon black and the like. Tires, as a 

20 Ire Scula example indude components such as beads, sidewa.ls. carcasses, treads, and belts. In some instances, 
SSSS^SSSr. one or more of these individual components off site and prior to assembly and vulcaniza on 
ofThetire An advantage of precuring is to impart integrity to the rubber based component so that it «' 
during subsequent buNding and assembly operations which, in turn, allows more precise a gnment of «xnponen£ 
greater accuracy during building and. at the end of assembly, improved tires. Also, because the bead and tread stock 

25 components have varying thicknesses, by subjecting some such structural components to precure, the cure t,me o ^the 
f'Xoduct can be decreased. Moreover, the ability to corvine vu^ 

would permit a variety of articles to be manufactured, such as tires, utilizing one or more standard components or 
elements to which variable elements e.g.. treads, can be bonded. 

Accordingly, it has been desirable to precure or vulcanize certain components either partially or WP^*™* 
assembly to produce the finished article. Unfortunately, however, the bond interface between contiguous components 
one o^which^s vulcanized and one of which is unvulcanized, has not been acceptable. One manner of improving he 
adhelr "cal.s ^the mShanica. buffing of the surface of the vulcanized rubber component, but this is an extra step 

^ThelS 

has beenTe ower adhesion observed between the precured and the uncured compounds following their covu.caniza- 
Son The ar'has attempted to address the issue of developing or improving the bonding between contiguous rubber 
lavers but has not always been successful where the layers are cured and uncured. 

layers but has o^ y forexample , disc , 0 ses a composite sheet of vulcanized rubber comprising sheets of uncured 
rubberthathave been washed and dried, one of which ,s broken down by passage through rolls an^ 
agent while the other is neither broken down nor conta-ns a vulcanizing agent. The two uncured sheets are ultimately 
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covulcanized. 



US Pat. No. 1 ,402.872 provides a method for uniting masses of vulcanizable rubber by interposing a layer of rubber 
without sulfur therebetween and then covulcanizing the multilayer mass. ... oi| . ^ 

US Pat No 1 434,892 provides a method of forming a sheet of rubber by combining one ply containing sulfur with 

45 a second ply containing an accelerator and thereafter covulcanizing the multilayer sheet. 

US Pat No 1 478 576 is directed toward sheet rubber patch materials for the repair of inflatable rubber articles 
The material comprises a composite including a rubber layer containing a non-m,gratory accelerator and a rubber layer 

containing suKur.^ ^ ^ ^ ccvulca n,zat,on of uncured rubber sheets each containing different vulcanizing 
50 agents and/or amounts thereof include Nos 1 .537,865. 1 ,537.866. 1 ,569,662, 1 777 960, and 2.20*441 . 

Thus while others have covulcanized rubber sheets comprising different vulcanizing agents and amounts, the art 
has not provided a method for attaining good adhes,on between contiguous rubber articles ^components one i of which 
,s vulcanized and one of which is unvulcanized. More particularly, the art has not recognized heret ofore ^ existence 
of gradient crosslink densities at the interface between cured and uncured rubber and hence, has not been able to 

" ^^^^IScTrparlia. cure of a, least a portion of a tire component, other than the tread, followed 
by conveSona, cure of the tire is disclosed in U.S. Pat. No. 4.166.883 and Nos. 4.221 .253 and 4,851 .063. respective 
d,vis.onals The foregoing patents do not suggest the use of an interphase layer according to the present invention. 
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It is therefore an object of the present invention to provide a method for bonding together and covulcanizing sheets 
of rubber or other rubber-based components, one of which is at least partially vulcanized and the other is unvulcamzed, 
5 and to improve the bond strength therebetween. 

It is another object of the present invention to provide a method for bonding together sheets of rubber or other 
rubber -based components and to improve the bond strength therebetween, involving the use of an interphase layer 

It is yet another object of the present invention to provide a method for bonding together sheets of rubber or other 
rubber -based components involving the use of an interphase layer that is devoid of crosslinking agents such as sulfur, 
w sulfur donors, peroxides, sulfur-less curatives and the like. 

It is yet another object of the present invention to provide a method for bonding together sheets of rubber or other 
rubber -based components, one of which is at least partially vulcanized and having a gradient crosslink density and the 
other is unvulcamzed. 

It is yet another object of the present invention to provide a method for bonding together sheets of rubber or other 
15 rubber -based components, one of which is at least partially vulcanized and the other is unvulcamzed, which eliminates 
the procedure of mechanical buffing of the vulcanized rubber. 

It is yet another object of the present invention to provide a method for bonding together sheets of rubber or other 
rubber -based parts involving the use of at least one chemical cure interfering agent. 

It is yet another object of the present invention to provide a method for bonding together sheets of rubber or other 
20 rubber -based parts involving the use of irradiation io provide a gradient crosslink density 

At least one or more of the foregoing objects, together with the advantages thereof over known methods, which 
shall become apparent from the specification which follows, are accomplished by the invention as hereinafter described 
and claimed. 

In general, the present invention provides an improved method for achieving enhanced bond strength between 
25 components of unvulcamzed and at least partially vulcanized rubber the improvement comprising the steps of selecting 
first and second initially unvulcamzed rubber components for the manufacture of a vulcanized rubber article; applying 
an interphase layer of rubber material, essentially devoid of crosslinkjng agents and containing from about 0 1 to about 
4 parts by weight of at least one accelerator, per 100 parts by weight of rubber, to the first component; prevulcamzing 
the interphase layer and the first component together until both are at least partially vulcanized, establishing a gradient 
30 crosslink density primarily in the interphase layer and thereby providing a lower crosslink concentration at the surface 
of the interphase layer opposite the first component; applying the second rubber component to the surface of lower 
crosslink density; and covulcanizing the components together, wherein the first and second unvulcamzed rubber com- 
ponents and the interphase layer comprise rubber selected from the group consisting of natural and synthetic rubber 
and blends thereof. 

35 The present invention also provides an improved method for achieving improved bond strength between components 

of unvulcamzed and at least partially vulcanized rubbers the improvement comprising the steps of selecting two initially 
unvulcanized rubber components for the manufacture of a vulcanized rubber article; treating one of the components 
under conditions that will establish a gradient crosslink density with a lower crosslink concentration at the surface to be 
adhered to the other component; applying the other rubber component to the surface; and covulcanizing the components 

40 together, wherein the first and second unvulcamzed rubber components comprise rubber selected from the group con- 
sisting of natural and synthetic rubber and blends thereof 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 Figs 1 to 3 schematically depict the covuicanization of two rubber based components, one of which is pi evulcanized. 

according to the prior art; 

Fig. 4 is a cross-section of one layer of a rubber based component which is unvulcamzed. 

Fig. 5 is a cross-section of the component depicted in Fig 4, and the application of an interphase layer thereon, 
according to the present invention, both being subjected to prevulcamzation; 
50 Fig 6 is a cross-section of the layers depicted in Fig. 5. with the application of a second unvulcamzed layer of rubber 

based component against the interphase layer and the final covuicanization thereof 



cased component against the interphase layer and the final covuicanization thereof, 

Fig 9 is a cross-section of one layer of rubber based component and the application of a chemical cure mtei feting 
agent onto a surface thereof, according to a method of the present invention 
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Fig 10 is a cross-section of the layer depicted in Fig 9. with the application of a second unvulcanized layer of rubber 
based component aga.nst the surface treated layer and the final cov U lcan,zat.on thereof; and 
Figs. 1 1 to 13 schematically depict the covulcanization of two rubber-based components and an interphase layer, 
as depicted in Figs. 4 to 6. 
PREFERRED EMBODIMENT FOR CARRYING OUT THE INVENTION 

As noted hereinabove, practice of the present .nvention allows the bond.ng of rubbers, of the same or different 
chemical composition and of d.ssimilar states of vulcanization, in a facile manner to ach.eve .mproved bond strengths. 
STSSTSS- in the manufacture of rubber goods from component plies or the like where ,t « des.rable or 
necessary to join one component that is unvulcanized with another that is at least partially vulcan.zed. 

vTcLnlzaL .nvolves crossing of the rubber molecules in the composition with the <^^^^ 
density governing the phys.cal properties of the vulcan.zate. By partially vulcanized .s meant tha the component is 
oaSv crosslinked and may be fully crosslinked to the level desired to achieve complete vulcanization. Partial vulcan- 
S£ is ST whefe green" strength is too low and. partial vulcanization will impart enhanced physical property to 
wrfhstand subsequent manufacturing operations. Also, thicker rubber based components such as the bead area or the 
"ead stock tortile manufacture may be partially vu.canized .n order to reduce f,nal cure time of the fu.y assert** 
oriuc Partial vulcanization .s also useful where the final product can be assembled by selecting a particular rubber 
S coSSnent f rom a plurality of different such components which is. in turn, combined with a 'standard component 
S the rSnScture of tires for instance, a standard carcass could be built and prevulcanized for the assembly ofa variety 
of tires having different performance properties. By substitution of a treadstock. different tires could be produced having 

^nytsTance^rubber is prevulcanized. a prob.em that develops during subsequent covulcanization of the 
components !s that upon completion of the vulcanization a good bond has not developed at the interface because he 
at ISst partiatly vulcanized component may become excessively crosslinked at the interface. ,n effect, embrittling the 

^The 1 nTe^ofThe present invention solve these problems and provide good bond strength at the interface of the 
rubber layers or components. They do so by imparting a gradient crosslink density in the prevulcanized c °^°^^ uch 
that the state of cure is lower at the surface that is to become bonded to the adiacent layer of unvulcan.zed rubber 
to comoonent in the ultimate covulcanization of the two components. 

so jnventjon a th|n layer of rubber serial, referred to herein as the interphase layer, is 

appliX^nthelayersorcomponentsofu 

layer is applied to an unvulcanized rubber based component, both of which are sub,ected to prevulcan.zat.on. In another 
asped oHhe present invention, the unvulcan.zed rubber based component is sub,ected to an .rrad.at.on cure under 

3S S^s which produce a gradient crosslink density. Such means include, for instance^h.gh energy electrons and are 
useful because the degree of crosslink density can be varied through the thickness of the component. 

t aTh^d aspect o?the present invention, the desired gradient crosslink density is developed by ,n,t,a ly app y,ng a 
cure interfering agent to a surface of one of the rubber based components, that is to become at least partially vulcanized 
The Igent can be applied to the unvulcanized rubber component which is then sub.ected to cure conditions sufficient 

40 to impart at least parfTal vutcanization. However, at the surface, littie curing takes place wh.^cure progresses wrthin the 
hickness of the component. Alternatively, the agent can be applied to a surface of the rubber component ^sequent 
to XTcanization. In either instance, when the second, unvulcan.zed rubber ^«>^^ s ^^^ 
nto contact with the formerly treated surface of the first component, a good bond .s developed between the two com- 
ponenls during covulcanization as a result of the grad.ent crossl.nk dens.ty be.ng imparted due to the cure .nterfer.ng 

45 ^Returning to the f.rst aspect of the present invention, the composition of the interphase layer is preferably substan- 
tially^ ica. to the composition of the first rubber based component, for compatibility. The common of the ^ .nterphase 
aver should also be compatible with the composition of the second rubber based component. By compatibility ,s meant 
rth?rub b r S e^ to form the interphase layer is one which will allow the interphase layer to adhere , w* K , the 

so first and second rubber components Preferably, it will comprise a blend of the two rubbers used for the f.rst and second 

rUbb The?nt^^^ compounded without any crosslink^ agents, e.g. . sulfur; sulfur donors, peroxides, 

sulfur-less curatives and the l.ke. For purposes of the present .nvention. the term crosslinking agent ,s employed .n 
on unSon with compounds conventionally known to vu.can.ze rubbers, both natural and synthetic. 
55 include sulfur; sulfur donors, such as th.uram d.sufides and sulfur chloride; perox,des; sulfur-less curat.ves^such as 
selenium and tellurium; polysurt.de polymers; p<,u.none d.ox,me; dibenzoy«-p-quinone diox.me; the metallic ox,des. such 
asTnc lead and magnesium oxide, di.socyantes and the like As is also known, such curatives can be employed alone 
to effect vulcan,zat.on or preferably with accelerators, which are not to be considered as crosslinks agents for practice 
of the present invention. 
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Accelerators are nevertheless, employed in the interphase layer in amounts ranging from about 0.1 to 4 parts per 
hundred of rubber (phr) Any of the conventional rubber accelerators can be employed such as the amines, thiurams. 
thiazoles, dithiocarbamates except for sulfur donors such as tetramethylethylenethiuram disulfide, sulfenamides and 
guanidines. it being understood that these accelerators are merely illustrative and that practice of the present invention 
is not necessarily limited to any specific accelerator, the presence thereof being merely optional. Moreover, while an 
accelerator may contain sulfur, no elemental sulfur or other crosslinking agents are employed in the interphase layer 

As will also be appreciated by those skilled in the art. accelerators are employed in conjunction with sulfur curatives, 
but not necessarily with non-sulfur curatives, such as for instance, the peroxides and other compounds disclosed here- 
inabove. Accordingly, in lieu of an accelerator, co-agents may be employed with the curative, one representative example 
being the use of unsaturated monomers with peroxide curatives which, upon activation, copolymenze with the rubber 
polymer and thereby crosslink it. Reference herein to the presence of at least one accelerator in the interphase layer is 
intended to refer to those interphase layer compounds that are sulfur curable while for compounds curable by another 
system, the term accelerator shall include co-agents, as discussed herein. 

Rubbers that may be combined via the present invention include natural rubber and the synthetic rubbers Synthetic 
rubbers are well known and include the ethylene/propylene copolymers, ethylene/propylene/diene terpolymers, halo- 
genated rubbers, copolymers of a conjugated diene with at least one monoolefin. conjugated diene homopolymers and 
mixtures thereof with and without natural rubber. Natural/synthetic rubber blends can also be employed containing 
between about 5 to 95 parts by weight natural rubber with the remainder being synthetic rubber 

Examples of suitable halogenated polymers include chloroprene, (2-chforo-1 .3-butadiene or neoprene). chlorosul- 
fonated polyethylene, chloro- and bromobuiyi rubber Neoprenes are generally categorized as G-types. W-types and T- 
types, each being well known to those skilled in the art. 

The copolymers may be derived from conjugated dienes such as 1 , 3-butadiene, 2-methyl-1 ,3-butadiene-(isoprene). 
2,3-dimethyl-l, 3-butadiene, 1 ,2-pentadiene. 1 ,3-hexadiene and the like, as well as mixtures of the foregoing dienes. The 
preferred conjugated diene is 1 ,3-butadiene Regarding the monoolefimc monomers, these include vinyl aromatic mon- 
omers having from 8 to about 20 carbon atoms such as styrene, alpha-methyl styrene, vinyl naphthalene, vinyl pyridine 
and the like and optionally one or more halogen substituents; alkyl acrylates or methacrylates such as methyl acrylate. 
ethyl acrylate, butyl acrylate, methyl methacrylate. butyl methacrylate and the like; unsaturated nitriles such as acrylo- 
nitrile, methacrylonitrile and the like and vinyl halides such as vinyl chloride, vinylidene chloride, such as isobutene and 
the like and aliphatic monoolefins such as isobutene as well as mixtures of the foregoing monoolefms The copolymers 
may contain up to 50 percent by weight of the monoolefin based upon the total weight of copolymer A preferred copolymer 
is styrene-butadiene rubber (SBR) a copolymer of a conjugated diene. especially butadiene, and a vinyl aromatic hydro- 
carbon, especially styrene. 

The above-described copolymers of conjugated dienes and their method of preparation are well known in the rubber 
and polymer arts. Many of the polymers and copolymers are commercially available. It is to be understood that practice 
of the present invention is not to be limited to any particular rubber included hereinabove or excluded. The rubber should 
be useful as a tire component although rubber compositions for other rubber articles may also be selected. 

The compositions of the first and second rubber components will each contain a sufficient amount of one or more 
crosslinking agents, as described hereinabove, to effect vulcanization when subjected to curing at conventional temper- 
atures and times. One or more accelerators can also be present in either or both first and second rubber components, 
again in a conventional amount for such compound and purposes. As will be explained next, the crosslinking agents 
and optional accelerators from the first and second rubber components also assist in the vulcanization of the interphase 
layer. 

According to the present invention, it is now possible to combine and bond components comprising the same rubbers 
e g. natural rubber to natural rubber or SBR to SBR or different rubbers, such as natural rubber to SBR, either of which 
canbeunvulcanized at the time of final covulcanization Where one rubber component tsto be at least partially vulcanized 
prior to contact with the second rubber based component, according to one aspect of the present invention, a thin 
interphase layer is employed. Being substantially devoid of crosslinking agents, the interphase layer receives sulfur 
during prevulcanization by diffusion from the adjacent rubber component (formerly unvulcanized) and. in certain 
instances accelerators where the adjacent rubber component contained an accelerator In this manner, a gradient 
crosslink density is established, primarily in the interphase layer, as will be discussed in conjunction with the drawing 
figures hereinbelow Subsequently, when the at least partially vulcanized component is bonded to thp nthpr - .n V . |i^n, 7 ^H 



r;oers as imp two .• . .ry^r oaseo component;, r r: •-;e ! 'pMrt=>^ >ct>ei may disc comprise a diock copolymer compatible 
with the two rubber based components or other compatible polymers Generally, the composition and thickness of the 
interphase layer can be optimized for interposition between the two rubber based components Nevertheless, a thickness 
of at least 0 010 inches is deemed to be practical up to about 0 080 inches although other thicknpsses qro not n PC p rj 
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a thinner interphase layer will be employed where the sulfur d.ffusion rate is low while a thicker interphase layer will be 
employed where the sulfur diffusion rate is high. Also, a thicker interphase layer will be employed where the amount of 
accelerator is low or the activrty thereof is low while a thinner interphase layer w-ll be employed where the amount of 
accelerator is high or the activity thereof is high. 

A preferred method for practice of the present invention is to prevulcanize together one unvulcanized rubber based 
component and the interphase layer following which the second unvulcanized rubber based component and interphase 
layer of the prevulcanized product are brought into contact and subjected to covulcanization Prevulcan.zation of the 
interphase layer and first rubber based component is conducted for a time and temperature sufficient to cause or allow 
development of physical properties to a fraction of the optimum reached during complete vulcanization. Th.s fraction 
o usually ranges from 10 to less than 100 percent of optimum, but is not limrted to this range. 

It is to be understood that cure conditions will vary depending upon the rubber compositions, their thicknesses and 
degree of vulcanizations, pre and post cure treatment, and thus, no useful purpose will be served by specifying a range 
of such conditions nor is such specification necessary. This is also true where the preferred method employs irradiation, 
as discussed hereinabove. 

is Where it is desired to employ an interfering agent, e.g.. a cure retarder or cure deactivating agent, the interphase 
layer is not necessary. Instead, the cure interfering agent is applied to a surface of the rubber based component that ,s 
to become or has been at least partially vulcanized. Typical cure retarders are well known to those skilled in the art 
including for instance, salicylic acid, phthalic anhydr.de. benzo.c acid, N-(cyclohexylth,o)phthalimide, N-nitrosod.phe- 
nylamine and others as are known to those skilled in the art. Typical cure deactivating agents include mineral acids. 
>o One method of surface coating is to form a solution of the interfering agent in a solvent which can then be applied to the 
rubber based component in a suitable manner such as, but not limited to dipping, spraying, roller coating and the lik* 
It is to be understood that practice of the present invention is not limited to any particular cure interfering agent disclosed 
herein or to the method of application. Similarly, the amount utilized is not a limitation although, for example, amounts 
from about 0.1 to about 10 phr will be effective. 
25 Figs 1 to 3 schematically show the concentration profiles of crosslinking agents and crosslinks formed in two rubber 
components one of which is prevulcanized, and one of which is unvulcanized. and subsequently covulcanized together 
according to the prior art. In Fig. 1, component 10 is prevulcanized and component 12 is unvulcanized. Component 12 
has a concentration of accelerator 13 and a concentration of sulfur 14. Component 10 has been prevulcanized with 
sulfur and an accelerator and provides a crosslink density 1 5. Dur.ng covulcanization. depicted in Fig. 2. the sulfur and 
30 accelerator from component 1 2 diffuse into component 10, (area 1 6) contributing to the further crosslinking thereof. After 
covulcanizing as depicted in Fig. 3, the crosslink density 1 9 of component 1 2 is lower near the interface 1 7 between 
the two components. In contrast, the presence of new crosslinks formed in component 10 dur.ng covulcanization (area 
18) adding to the crosslink density 15 formed during prevulcan.zation. cause the crosslink density 19 to significantly 
increase near the interface of component 10. This region of excessive vulcanization and embr.ttlement 20 results m 
35 decreased adhesion and possibly premature failure of the article containing components 10 and 12 

Practice of the three aspects of the present invention is depicted in Figs 4-10. In Fig. 4. a layer of unvulcanized 
rubber based component 1 0, depicted schematically, has been selected In Fig. 5. the component 1 0 has applied against 
it an interphase layer 1 1 . These two layers are first covulcanized following which the unvulcanized layer 12 is applied. 
In Fig 6 the three layers have been covulcanized together to form a product 21 In Fig. 7, a layer of unvulcan.zed rubber 
40 based component 10 depicted schematically, also has applied against it an interphase layer 1 1 , both of which are together 
first subjected to irrad.ation via suitable means 22. to develop a gradient crosslink density following wh.ch the second, 
unvulcanized rubber based component 12 is applied The interphase layer 11 is optional and when employed, it may 
optionally contain one or more radiation inhibitors such as 2-naphthylamme; 6-phenyl-2.2,4-trimethyl-1 ,2-dihydroqumone 
and N N'-dioctyl-p-phenylenediamine in an effective amount, known to those skilled in the art. Such amounts range, for 
45 .nstance between about 01 to about 10 phr. Where no interphase layer is employed, the gradient crosslink density 
occurs by virtue of the irradiation In Fig. 8. the two layers have been covulcanized together to form a product 25. 

Practice of the third aspect is depicted in Figs 9 and 10 A first layer of unvulcanized rubber based component 10 
is treated by means 30 which applies a coating of cure interfering agent 31 onto a surface 32 of component 10. The 
component 10 is then prevulcanized sufficiently to develop at least a partial vulcanization. The second unvulcanized 
50 layer of rubber component 12 is then applied against the surface 32 and the two components are covulcanized together, 
as depicted in Fig. 9 to form the product 35. 

Figs 1 1 to 13 show the concentration prof.les of crosslinking agents and crosslinks formed in rubber components 
resulting from practice of the method of the present invention, described in conjunction with Figs. 4 to 6. Fig. 1 1 again 
depicts the two rubber component layers 10 and 12 with an interphase layer 1 1 therebetween prior to covulcan.zat.on. 
55 The interphase layer 1 1 is devoid of crosslinking agents, present only in component layers 10 and 1 2; however, one or 
more accelerators are present in the interphase layer Component layer 12 has a concentration of accelerator 13 and 
a concentration of sulfur 14 Component 10 has been prevulcanized with .nterphase layer 1 1 and it will be noted that 
the crosslink density thereof 40 decreases at the interface 41 between the two and continues to decrease across inter- 
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phase layer 1 1 . Thus, with the diffusion of sulfur and accelerator during prevulcanization, a gradient crosslink density is 
established across layer 1 1 providing a surface 43 of lower crosslink concentration 

In Fig. 1 2. the two components 1 0 and 1 2 are being covulcanized and it will be noted that the sulfur and accelerator 
from component 1 2 diffuse into interphase layer 1 1 , and into component 1 0 (area 45) , contributing to the further crosslink- 
5 ing thereof. In Fig. 13, it is evident that the crosslinks formed during prevulcanization 40. together with the crosslinks 
generated as a result of the sulfur diffusion occurring during covulcamzation (area 47) result in a more even crosslink 
distribution 46 throughout the composite and avoid the excessive vulcanization near the interface region of the prior art 
(Fig. 3). 

In order to demonstrate the efficacy of the present invention, three rubber compounds were prepared which included 
w a natural rubber compound (NR); a styrene butadiene rubber compound (SBR); and an interphase layer (I PL) comprising 
an SBR rubber and containing one accelerator The compositions of these layers are presented in Tables I to III, with 
all numbers representing parts per hundred rubber, based upon 100 total parts by weight of rubber 



TABLE I 



NATURAL RUBBER COMPOSITION 


STOCK TYPE: NR 




Natural Rubber 


100.00 


Carbon Black 


62 00 


ZnO 


7 50 


Stearic Acid 


0.50 


Adhesion promoter 


0 88 


Paraphenylenediamine antioxidant 


2 00 


Antioxidant 


1 00 


Primary Sulfenamide accelerator 


0 50 


Secondary Sulfenamide accelerator 


0 30 


Sulfur blended in oil 


6.25 


Phthalimide retarder 


0.20 


TOTAL 


18113 
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TABLE II 





SBR COMPOSITION 


5 


STOCK TYPE: SBR 






SBR 


100.00 




Processing oil 


27.60 


10 


Cartoon Black 


54.00 


ZnO 


2.00 




Stearic Acid 


2.00 




Wax 


0.75 


15 


Polymerized petroleum resin 


3.50 




Paraphenylenediamine antioxidant 


0.95 




Sulfur 


2.25 


20 


Sulfenamide Accelerator 


0.60 




Sulfur donor 


0 60 




TOTAL 


194.25 



25 



TABLE III 



30 


INTERPHASE LAYER WITH ACCELERATOR 


STOCK TYPE: SBR + primary accelerator 






SBR 


100.00 




Processing oil 


27.60 


35 


Carbon Black 


54 00 




ZnO 


2.00 




Stearic Acid 


2.00 


40 


Wax 


0.75 




Polymerized petroleum resin 


3.50 




Diamine antioxidant 


0.95 




Sulfur 


0.00 


45 




0.60 




Sulfenamide Accelerator 




TOTAL 


191.40 



50 
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Peel adhesion studies were conducted utilizing the NR and SBR compounds with and without the IPL interphase 
layer Several combinations of unvulcanized and vulcanized stocks were bonded together in the following procedure. 

For testing purposes the rubber stocks to be adhered together were first milled to a thickness of 0.050 inch and cut 
into 6 inch squares. Rubber backing material reinforced with polyester cords was also prepared to the same dimensions. 
The first layer of backing was laid flat with the cords running horizontally. To this was applied a second layer of backing 
with the cords running vertically. One layer of test stock was then applied to the double backing layer thus completing 
one-half of the adhesion test pad A second similar laminate was prepared for the second test stock intended for pre- 
curing but it was also covered with a 6 inch square piece of interphase layer stock The thickness of the interphase layer 
was between 0 010 inch and 0.080 inch and its composition was described hereinabove The interphase layer was then 
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covered with a 6 inch square piece of 0.006 inch polyester film This film had either a smooth finish or a rough finish, as 
noted herembelow. (Where the test was for checking the adhesion between two unvulcanized test stocks, the interphase 
layer, polyester film, and prevulcanization step were omitted ) The second laminate was prevulcanized with the inter- 
phase layer in a positive pressure mold at approximately 278 psi for a time and temperature which resulted in a prevul- 

5 canization ranging between 50 and 100 percent of the optimum cure as determined by a shear rheometer After 
prevulcanization, the laminate was demokJed and the film was removed. Typical prevulcanization conditions for an 
SBR/interphase laminate were 1 1 minutes at 165°C. 

A 2 inch by 6 inch polyester separator film was placed over one end of the test stock in the first laminate and arranged 
perpendicular to the cords in the second backing layer closest to the test stock The prevulcanized laminate with the 

io interphase layer was then laid face-to-face on top of the first laminate, with the cords in the backings closest to the test 
stocks running parallel The assembled pads were then covulcanized in a positive pressure mold at approximately 278 
psi at a temperature and time that was varied with the thickness of the interphase layer in direct proportion but always 
at leastf ive minutes longer than the optimum cure time for the test stock in the first laminate, as determined by a rheometer 
cure curve. Typical covulcanization conditions for an SBR/interphase/NR laminate were 10 minutes at 165°C After 

is demolding, one inch by six inch test strips were die cut from the adhesion pad in such a way that the cords closest to 
the test stocks were parallel to the long axis of the test strip. The separator film was then removed and the test piece 
loaded into an Instron machine for 180° peel testing. 

Peel adhesion values (lb/in) were determined for each of the bonded and covulcanized laminates as follows: The 
six inch by one inch strips were generally tested at a clamp speed of two inches per minute. The strength of the adhesive 

20 bond was measured in pounds per inch of sampie wicnn (typically one inch). At the start of the test the strength to initiate 
tearing at the adhesive interface reached a maximum and then was quickly followed by a succession of smaller maxima 
and minima for the balance of the test. The first maximum at the start of the test was taken as the Peak value, and the 
smaller maxima and minima were averaged mathematically to arrive at the Plateau value. Two or more strips from each 
pad were tested, and the individual Peak and Plateau values were averaged to arrive at the final Peak/Plateau results. 

25 Measurements were taken at 23° C and 100° C. and the results have been reported in Table IV for 12 separate 
examples as follows, comprising SBR as the unvulcanized or prevulcanized rubber component layers and, comprising 
SBR and natural rubber (NR) as the unvulcanized rubber component layers. The SBR, NR and interphase layers were 
prepared from compositions provided in Tables I to III. Thicknesses were varied with appropriate adjustments in cure 
times. 
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Example No. 1 

Two SBR layers, of a composition shown in Table II, were separately laminated to two polyester cord -reinforced 
backing layers and then bonded together and covulcanized at 165°C for 18 minutes. 

Example No. 2 



An SBR layer, laminated to two reinforced backing layers on one side and a smooth, 0 006-inch thick polyester film 
on the other side, was precured at 165°C for 1 1 minutes. The polyester film was then removed and the freshly exposed 
40 rubber surface was bonded to and then covulcanized with a laminate comprising an unvulcanized SBR layer and two 
reinforced backing layers at a temperature of 165°C for 16 minutes 

Example No. 3 

45 An SBR layer, laminated to two reinforced backing layers on one side and a rough, 0.006-inch thick polyester film 

on the other side, was precured at 1 65°C for 1 3 minutes The polyester film was then removed and the freshly exposed 
rubber surface was bonded to and then covulcanized with a laminate comprising an unvulcanized SBR layer and two 
reinforced backing layers at a temperature at 165°C for 16 minutes. 

50 Example No. 4 
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Exam ple No. 5A 



75 



An SBR layer, laminated to two reinforced backing layers on one side and an interphase layer of 0.045-.nch th.ckness 
on the other side, was prevulcanized at 165°C for 13 minutes. The composition of the interphase layer 
in Table III The polyester sheet, which covered one side of the interphase layer, was then removed and the freshly 
exposed surface was bonded to and then covulcanized with a laminate comprising an unvulcan.zed SBR layer and two 
reinforced backing layers at a temperature of 165°C for 16 minutes. 

Exam ple No. 5B 

An SBR layer, laminated to two reinforced backing layers on one side and an interphase layer of 0.045-inch thickness 
on the other side, was prevulcanized at 165°C for 13 minutes. The composition of the interphase layer was that listed 
in Table III but without any accelerator. The polyester sheet, which covered one side of the interphase layer, was then 
removed and the freshly exposed surface was bonded to and then covulcan.zed with a laminate comprising an unvul- 
canized SBR layer and two reinforced backing layers at a temperature of 165°C for 16 minutes. 

Example No. 6 

An SBR layer of a composition shown in Table II. and a NR layer of a composition shown in Table I. were separately 
laminated to two polyester cord-reinforced backing layers. The two laminates were then bonded together and covulcan- 
ized at a temperature of 165°C for 1 1 minutes. 

Example 7 

An SBR layer, laminated to two reinforced backing layers on one side and a smooth. 0.006-inch thick polyester film 
on the other side, was precured at 165«C to 1 1 minutes. The polyester film was then removed and a freshly ^exposed 
rubber surface was bonded to and then covulcan.zed with a laminate comprising an unvulcanized NR layer, of a com- 
position shown in Table I. and two reinforced backing layers at a temperature of 165°C for 10 minutes. 

30 Example 8 

An SBR layer, laminated to two reinforced backing layers on one side and a rough. 0.006-inch thick polyester film 
on the other side, was precured at 165-C for 13 minutes. The polyester film was then removed and the freshly exposed 
rubber surface was bonded to and then covulcanized with a laminate comprising an unvulcan.zed NR layer, of a com- 
position shown in Table I. and two reinforced backing layers at a temperature of 165°C for 10 minutes. 
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Example 9 



An SBR layer, laminated to two reinforced backing layers on one s.de and a smooth polyester film on the other s.de 
was precured at 165°C for 1 1 minutes. The polyester film was then removed and the freshly exposed surface was first 
buffed and cleaned, and subsequently bonded to and covulcanized with a laminate comprisin ,g an 
layer of a composition shown in Table I. and two re.nforced backing layers at a temperature of 165 C for 10 m.nutes 



Example 10A 



An SBR layer, laminated to two reinforced back.ng layers on one side and an interphase layer of 0.045-inch th.ckness 
on the other srte. was prevulcanized at 165«C for 13 m.nutes. The composition of the interphase layer was tha listed 
in Table III The polyester sheet, which covered one side of the interphase layer, was then removed and the freshly 
exposed surface was bonded to and then covulcan.zed with a laminate comprising an unvulcanized NR layer, of a com- 
position shown in Table I, and two reinforced backing layers at a temperature of 165°C for 1 1 minutes 



Exam ple 1 0B 



55 



An SBR layer, laminated to two reinforced backing layers on one side and an interphase layer of 0.045-inch thickness 
on the other side, was prevulcanized at 165°C for 13 m.nutes. The composition of the interphase layer was that listed 
in Table III but without any accelerator. The polyester sheet, which covered one side of the interphase layer, was then 
removed and the freshly exposed surface was bonded to and then covulcanized with a laminate comprising an unvul- 
canized NR layer, of a composition shown in Table I. and two reinforced backing layers at a temperature of 165 C for 
1 1 minutes. 
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As is evident from Table IV. Example Nos 5A and 10A according to a method of the present invention resulted m 



interphase layers without crosslmkjng agents but with accelerators The plateau values for Examples No 1 and 9 were 
reported as greater than (>) the stated numerical value because tearing to the backing occurred rather than tearing at 
the bond interface Hence, the bond strength at the interface between the stocks was undetermined but it is thouaht to 
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Based upon the foregoing disclosure, it should now be apparent that the use of the methods described herein will 
carry out the objects set forth hereinabove. It should also be apparent to those skilled in the art that the methods of the 
present invention can be practiced to achieve improved adhesion between a variety of rubber layers and components 
utilized in the manufacture of tires and other articles built from a plurality of plies or different components Similarly, the 

5 time, temperatures and pressures for vulcanization can readily be determined by those skilled in the art. 

It is, therefore, to be understood that any variations evident fall within the scope of the claimed invention and thus, 
the selection of specific rubber compositions for the unvulcanized rubber based layers or components as well as the 
composition and thickness of the interphase layer can be determined without departing from the spirit of the invention 
herein disclosed and described. Moreover, the scope of the invention shall include all modifications and variations that 

w fall within the scope of the attached claims. 

Claims 

1. An improved method for achieving enhanced bond strength between components of unvulcanized and at least 
15 partially vulcanized rubber the improvement comprising the steps of: 

selecting first and second initially unvulcanized rubber components for the manufacture of a vulcanized rubber 
article, both said components containing crosslinking agents; 

applying an interphase layer of rubber material, essentially devoid of crosslinking agents and containing from 
about 0.1 to about 4 parts by weight of at least one accelerator, per 100 parts by weight of rubber, to said first 
20 component; 

prevulcanizing said layer and said first component together until both are at least partially vulcanized, estab- 
lishing a gradient crosslink density primarily in the interphase layer and thereby providing a lower crosslink concen- 
tration at the surface of said interphase layer opposite said first component; 

applying said second rubber component to said surface of lower crosslink density; and 
25 covulcanizing said components together, wherein said first and second unvulcanized rubber components 

and said interphase layer comprise rubber selected from the group consisting of natural and synthetic rubber and 
blends thereof. 

2. A method, as set forth in claim 1 , wherein said first unvulcanized rubber component is natural rubber and said 
30 second unvulcanized rubber component is selected from the group consisting of synthetic rubbers and blends 

thereof. 

3. A method, as set forth in claim 1, wherein said first unvulcanized rubber component is selected from the group 
consisting of synthetic rubbers and blends thereof and said second unvulcanized rubber component is natural rub- 

35 ber. 

4. A method, as set forth in claim 1 , wherein said interphase layer has a thickness of from about 0.010 inches up to 
about 0.080 inches. 

40 5. An improved method for achieving enhanced bond strength between components of unvulcanized and at least 
partially vulcanized rubber the improvement comprising the steps of: 

selecting two initially unvulcanized rubber components for the manufacture of a vulcanized rubber article, 
both said components containing crosslinking agents; 

treating one of said components under conditions that will establish a gradient crosslink density with a lower 
45 crosslink concentration at the surface; 

applying said other rubber component to said surface; and 
covulcanizing said components together 

6. An improved method, as set forth in claim 5. wherein said step of treating includes the steps of: 
so coating a surface of at least one of said components with a cure interfering agent; and 

subjecting said surface coated component to vulcanization sufficient to impart a gradient crosslink density 
to said component. 

7. A method, as set forth in claim 6. wherein said cure interfering agents are selected from the group consisting of 
55 cure retarders and cure deactivating agents 

8. An improved method, as set forth in claim 5. wherein said step of treating includes the sequential steps of: 

subjecting said component to prevulcanization; and 
coating a surface thereof with a cure interfering agent. 
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9. A method, as set forth in claim 8, wherein said cure interfering agents are selected from the group consisting of 
cure retarders and cure deactivating agents. 

10. A method, as set forth in claim 5, wherein said first unvulcanized rubber component is natural rubber and said 
second unvulcanized rubber component is selected from the group consisting of synthetic rubbers and blends 



11. A method, as set forth in claim 5, wherein said first unvulcanized rubber component is selected from the group 
consisting of synthetic rubbers and blends thereof and said second unvulcanized rubber component is natural rub- 



12. An improved method, as set forth in claim 5. wherein said step of treating includes the steps of: 

applying an interphase layer of rubber material devoid of crosslmking agents to at least one of said compo- 
nents; and 

subjecting said interphase layer and said component to a source of irradiation until both are at least partially 
vulcanized; 

wherein said surface is provided by said interphase layer. 

1 3. A method, as set forth in claim 1 2, including the additional step of incorporating into said interphase layer an effective 
amuuni of a radiation inhibitor. 

14. A method, as set forth in claim 12, wherein said first unvulcanized rubber component is natural rubber and said 
second unvulcanized rubber component is selected from the group consisting of synthetic rubbers and blends 



15. A method, as set forth in claim 12, wherein said first unvulcanized rubber component is selected from the group 
consisting of synthetic rubbers and blends thereof and said second unvulcanized rubber component is natural rub- 



16. A method, as set forth in claim 12, wherein said interphase layer comprises one or more rubbers selected from the 
group consisting of natural and synthetic rubbers and blends thereof. 



thereof 
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